extracted soybean meal could be replaced by extracted rapeseed meal in mixture feeds for broilers without a negative effect on their productive results. Janjescic et al. (2002) found that it was possible to obtain the same live weight gains and feed conversion ratio after using 10 and 20% of rapeseed meal of 00 Silvia cultivar in mixtures for broilers. Rape cake (RC) is a relatively new rape product which is a by product of rape seed pressing. This technology is more cost -effective and environmentally friendly than rapeseed meal. In rape cakes a considerable part of total phosphorus occurs in the phytate form, which is largely unavailable to monogastric animals (Bozkurt et al., 2006) . Phytates can chelate divalent cations and can reduce the availability of nutrients (Kornegay, 2001; Catala-Gregori et al., 2006; Ravindran et al., 1995) . Addition of microbial phytase improved the digestibility of protein and amino acids in feedstuffs, but the magnitude of the response varied depending on the feedstuffs and amino acids considered (Ravindran et al., 1999) . The addition of phytase to the diets caused a significant increase in mineral bioavailability. Phosphorus and other elements could be disengaged from the phytic-protein molecules as a result of phytase activity, consequently the amount of inorganic phosphorus could be reduced in mixtures (Sebastian et al., 1996a) . In the experiment conducted by Huyghebaert et al. (2010) broiler chickens were fed positive (P-limiting) and negative (P-deficient) diets supplemented with 125, 250 and 500 FTU/kg of phytase in the three feeding phases (1-13-26-39 day). The authors stated the significant difference between the positive (P-limiting) and negative (P-deficient) group in chicken body weight at each stage. The body weight was significantly enhanced for each phytase dose at each stage. Supplementation with phytase (0.25g/kg of phytase preparation) of diets containing high amounts (300g) yellow and black rape cakes for broilers improved body weight in all groups, while feed conversion ratio did not change (Smulikowska et al., 2010) .
INTRODUCTION
Rape products have a high protein content, while rape-cakes have a high fat content. Consequently, they can be a valuable source of protein and energy in poultry feeding. According to Kocher et al. (2001) extracted soybean meal could be replaced by extracted rapeseed meal in mixture feeds for broilers without a negative effect on their productive results. Janjescic et al. (2002) found that it was possible to obtain the same live weight gains and feed conversion ratio after using 10 and 20% of rapeseed meal of 00 Silvia cultivar in mixtures for broilers. Rape cake (RC) is a relatively new rape product which is a by product of rape seed pressing. This technology is more cost -effective and environmentally friendly than rapeseed meal. In rape cakes a considerable part of total phosphorus occurs in the phytate form, which is largely unavailable to monogastric animals (Bozkurt et al., 2006) . Phytates can chelate divalent cations and can reduce the availability of nutrients (Kornegay, 2001 ; Catala-Gregori et al., 2006; Ravindran et al., 1995) . Addition of microbial phytase improved the digestibility of protein and amino acids in feedstuffs, but the magnitude of the response varied depending on the feedstuffs and amino acids considered (Ravindran et al., 1999) . The addition of phytase to the diets caused a significant increase in mineral bioavailability. Phosphorus and other elements could be disengaged from the phytic-protein molecules as a result of phytase activity, consequently the amount of inorganic phosphorus could be reduced in mixtures (Sebastian et al., 1996a) . In the experiment conducted by Huyghebaert et al. (2010) broiler chickens were fed positive (P-limiting) and negative (P-deficient) diets supplemented with 125, 250 and 500 FTU/kg of phytase in the three feeding phases (1-13-26-39 day). The authors stated the significant difference between the positive (P-limiting) and negative (P-deficient) group in chicken body weight at each stage. The body weight was significantly enhanced for each phytase dose at each stage. Supplementation with phytase (0.25g/kg of phytase preparation) of diets containing high amounts (300g) yellow and black rape cakes for broilers improved body weight in all groups, while feed conversion ratio did not change (Smulikowska et al., 2010) .
Effects of using phytase in mixtures were differentiated in various studies and they depended on the kind of diet, the amount of enzyme, the non-phytic phosphorus level in the diets and stability of endogenous phytase during processing (Denbow et al., 1995; Sohail and Roland, 1999; Rutherford et al., 2002; Smulikowska et al., 2006) . Phytase addition to corn, wheat, and barley diets increased retention of total phosphorus about 26% in the corn diet, 6% in wheat diet and 10% in barley diet, and improved calcium retention only in the corn diet (Juanpere et al., 2005) . Denbow et al. (1995) observed that improvement of body weight gains and feed intake was greatest when phytase was added to the diet with low nonphytate phosphorus levels. Sebastian et al. (1996b) established that better feed conversion could be obtained by phytase supplementation to the diets with low Ca content.
The aim of the study was to evaluate the effects of high rape cake content and phytase added to phosphorus and calcium -deficient diet on the nutritive value for broiler chickens.
MATERIALS AND METHODS
In this study two experiments were performed. Experiment 1 (growth trial) was carried out on 120 one-day-old broilers Ross 308 randomly allocated into four groups, 30 birds per group (6 replicates x 5 birds; 3 replicates of males and 3 of females). The birds were housed in metabolic cages. For the first 5 days the temperature was set at 31 o C and then gradually decreased according to the recommendations of the supplier of the broiler chickens. In experiment 1 four diets were prepared: starter (1-21 day) and grower (22-49 day of age). The control diet (SBM) did not contain rape cake (RC), while experimental diets contained 15% (starters) and 20% (growers) rape cake of Lirajet cultivar. The experimental diet denoted RC HP unsupplemented and had P and Ca contents equal to the control diet (P about 7.5 g and Ca about 10 g.kg -1 ), while diet denoted as RC LP contained less P and Ca (about 5.8 g and 6.8 g.kg -1 , respectively) than the respective RC HP and control diets. Diet denoted RC LP+ Phy was supplemented with enzyme preparation Ronozyme P which contained phytase at a quantity of 875 FYT, conformable to producer's information DSM. According to the supplier's information, the enzyme preparation of phytase (min. 2500 FYT/g) was produced by a genetically modified strain of Aspergillus oryzae and phytase gene obtained from Peniophora lycii. Rape cakes were obtained in an oil mill by pressing at 400 kG/cm 2 rapeseed cv. Lirajet. The composition of experimental diets is shown in Table 1 . 1 -wheat -soybean diet without rape cake (control); 2 -diet with 15% (starter) and 20% (grower) of rape cake with P and Ca equal to control diet; 3 -diet with 15% (starter) and 20% (grower) of rape cake with less P and Ca content; 4 -diet with 15% (starter) and 20% (grower) of rape cake with less P and Ca content supplemented of phytase * -per 1 kg -Vit. A (4.000.000 j. Dressing percentage of carcasses was calculated in relation to the weight of birds before slaughter. Slaughter analysis was performed by the method described by Ziolecki and Doruchowski (1989) . From the breast and leg muscles samples were collected and chemical and fatty acids composition of meat were analyzed. Experiment 2 (digestibility trial) was carried out on 60 chickens divided into four groups of 20 birds (4 replications of 5 birds). The diets used in the digestibility trial were the same as for the growth trial. The digestibility test was carried out by the total collection method. The digestibility test included an adaptation period (six days) and collection period (3 days) during which all excreta were quantitatively collected and feed consumption was recorded. The excreta from starter diets conducted on chickens at 7-10 days of age and grower diets at 28-31 days of age were collected. All the excreta were dried at 60 o C, ground and subjected to chemical analyses (Yi et al., 1996) . The chemical composition of rape cakes, diets, excreta and meat samples were analyzed by the procedure of AOAC (1990). The phosphorus content was assayed by the colorimetric method (AOAC, 1990). Fecal nitrogen content was determined by the procedure with uranyl acetate (Hartfiel, 1961) . Uranyl acetate was used for separation of uric acid from excreta for the determination of faeces nitrogen content. For fatty acid analyses the extracted fat was hydrolyzed by means of 0.5 M KOH in methanol and esterified with 5% HCL in methanol (Matyka, 1976) . Next, 0.2 mL of hexane was added and fatty acid methyl esters were separated and quantified using the gas chromatography apparatus CHROM 5 equipped with a column of 2.5 m flame ionization detector and integrator (temperature profile 250 o C/194 o C/250 o C; column packing Silar Mesh 80/100). The identification of fatty acid peaks was carried out by comparison with retention times of fatty acid standards purchased from Fluka and fatty acids were expressed as weight percents. Apparent digestibility of nutrients was calculated following the total collection method using the equation given by Guevara et al. (2008) .
The obtained results were analyzed by one-way analysis of variance (ANOVA). Significance of differences between th means was tested by Duncan's multiple range test. The calculations were performed using the STATISTICA software package ver. 8, StatSoft Inc.
RESULTS AND DISCUSSION
Rape cake of Lirajet cultivar contained of 909.6 g organic matter; 49.1 g crude ash; 268.4 g crude protein; 282 g crude fat and 8.16 g total phosphorus and 2.1 g available phosphorus. The content of crude fat was higher than for rape cakes evaluated by Smulikowska et al. (2006) , which was probably due to diffent pressing procedures. Podkówka et al. (2006) showed variability in nutrients in rapeseed cakes, and particularly of crude fat dependent on technology of pressing. The introduction of rape cakes obtained from the Lirajet cultivar increased the crude fibre and crude fat content in experimental diets in comparison to the control (Table 1) . Body weight of broilers fed mixtures containing rape cakes, on the 21 st day, was smaller than in broilers fed the control mixture, whereas a significant decrease in body weight in broilers fed mixtures with the reduced contents of total phosphorus and calcium was found ( Table 2 ). The addition of phytase to the diet with low level of phosphorus and calcium showed a tendency to improve body weight during the starter period. Body weight of broilers day 42, and at day 49, did not differ significantly. Feed conversion ratio in the first three weeks was similar and did not differ between groups. Feed conversion ratio of grower mixtures until day 42 and day 49 also did not differ significantly. However, the lowest feed conversion ratio was in RC HP group. Efficiency of mixtures with phytase up to day 21 and day 42 of life was higher than without phytase, however, it did not differ significantly throughout the whole period of rearing. The research presented by Osek et al. (2002; showed a positive effect of ground rapeseeds added to mixtures for broilers. Zeb et al. (1999) stated that using extracted rapeseed meal up to 15% in mixtures for broilers did not decrease their live weight gains, but feed conversion ratio decreased by about 5%. According to Sebastian et al. (1996b) application of 600 FTU of phytase in mixtures with 0.31% of non-phytic phosphorus increased broiler body weight and feed conversion ratio, while Rutkowski et al. (1997) showed that for a significant improvement of performance of chickens fed maizerapeseed meal diets 750 or more units of phytase are required. Dressing percentage in broilers fed mixtures with rape-cakes was significantly larger than in the control group (Table 3) . The rapeseed cake had not influence on liver and abdominal fat weight, while the hearts were enlarged. Almost all of the increase in dressing percentage was connected with larger breast muscle and total muscle contents in broiler carcasses, but not with the degree of fatness, while the skin and subcutaneous tissue content in group RC HP was significantly higher in comparison to the control group. Ajuyah et al. (1991) report that breast yield was highly correlated with carcass or body weight, and data obtained by Szymczyk et al. (2001) show that the relative proportion of breast and leg muscles (% of carcass weight) may improve by increasing levels of dietary CLA. Banaszkiewicz and Osek (1996) and Osek et al. (2002; showed an increase in total muscle content in the carcasses of broilers fed mixtures with rape cakes. Significantly larger hearts were measured in broilers fed mixtures containing rape cakes (Table 3 ). An increasing relative heart weight in carcasses of broilers fed mixtures with rape cakes of three rape cultivars (Kana, Lirajet and Marita) was also found in studies by Banaszkiewicz and Borkowska (2009) . No significant differences in muscle composition in broilers of particular groups were found (Tables 4 and 5) , however, fatty acid content in the lipid fractions of both breast and leg muscles differed significantly. 1 -wheat-soybean diet without rape cake (control); 2 -diet with 15% (starter) and 20% (grower) of rape cake with P and Ca equal to control diet; 3 -diet with 15% (starter) and 20% (grower) of rape cake with less P and Ca content; 4 -diet with 15% (starter) and 20% (grower) of rape cake with less P and Ca content supplemented of phytase; a-b -Values in the same row without a common superscript letter are significantly different (p<0.05); SEM -pooled standard error of mean; Values without letters are not significantly different
Chickens fed the rapeseed cake diets deposited significantly higher amounts of C 18:1 ; C 18:3 , total unsaturated and total n-3 fatty acids in the breast muscles then the control group. Broiler chickens fed the control diet accumulated significantly higher amounts of C 16:0 ; C 16:1 and total saturated fatty acids (Table 4) . Chickens fed the rapeseed cake diets contained significantly higher amounts of C 18:0; C 18:1; C 18:2 ,C 18:3 , total unsaturated, total n-6 and total n-3 fatty acids and significantly lower amounts of C 16:0; C 16:1 and total saturated fatty acids in the leg muscles than the control group (Table 5 ). Use of rape cakes in feed mixtures decreased saturated and increased unsaturated fatty acids content (Tables 4 and 5 ). There was an increase in MUFA and PUFA content and decrease in n-6/n-3 ratio in broiler's meat as a result of applying mixtures with oil plant seeds in the studies conducted by Ajuah et al. (1991) , Banaszkiewicz (1997) and Nguyen et al. (2003) . Digestibility coefficients of basic nutrients and total phosphorus in the tested mixtures are presented in Table  6 . Application of rape cake into starter and grower diets had significantly negative effects on fat digestibility in comparison to the control group, but addition of phytase increased fat digestibility in the low P diet in the grower, but not in the starter period (Table 6 ). Fat digestibility may well have been the best in the soybean control since this was the only diet with added rapeseed oil and perhaps this was of higher digestibility than the fat within rape cake. Significantly the best digestibility of phosphorus was found in grower mixtures with low level of phosphorus supplemented with phytase. Supplementation of grower diets with low level of phytase phosphorus and calcium improved the digestibility of total phosphorus in comparison to control and RC HP diets. The fact that addition of phytase to the grower low P diet and not to the starter improved digestibility of phosphorus suggest a degree of adaptation capacity to low P diets which takes time to become significant. Data suggest that the amount of endogenous phytase is extremely low in young birds, but that it increases with age (Sebastian et al., 1998) . Rutherford et al. (2002) reported no statistically significant effects of added phytase on total and phytate P digestibility. There was no significant interaction between the effect of type of RC and phytase supplementation on P retention in the study conducted by Smulikowska et al. (2006) . In the present study there was no significant difference in protein digestibility (Table 6) , which was also shown in studies by Zhang et al. (1999) .
CONCLUSION
Application of 15% of rape cake into starter and 20% into grower diets allowed for similar body weight and feed conversion ratio, but had significant negative effect on fat digestibility in the first period of fattening, and a positive effect on slaughter results and fatty acid composition of meat.
Reduction of phosphorus and calcium contents significantly decreased body weight of younger chickens and the application of phytase improved the digestibility of crude phosphorus, but it did not have a significant effect on rearing and slaughter results. It was concluded that rape cakes can be used in broiler diets, but at a quantity of 15% in the starter and 20% in the grower diets may have negative effects on the birds heart.
